The emerging world of Mobile Commerce is characterized by a multiplicity of exciting new technologies, applications, and services. Amongst the most promising ones will be the ability to identify the exact geographical location of a mobile user at any time. This ability opens the door to a new world of innovative services, which are commonly referred to as Mobile Location Services (MLS). This chapter aims at exploring the fascinating world of MLS, identifying the most pertinent issues that will determine its future potential, and laying down the foundation of a new field of research and practice. The contribution of our analysis is encapsulated into a novel classification of mobile location services that can serve both as an analytical toolkit and an actionable framework that systemizes our understanding of MLS applications, underlying technologies, business models, and pricing schemes.
INTRODUCTION
The term 'mobile era' as a characterization of the 21 st century can hardly be considered as an exaggeration (Kalakota and Robinson 2001) . In times where mobile phone penetration is well above the 50% mark in some countries, and has even surpassed fixed line penetration in a few cases (Nokia 2001) , it is not surprising that wireless applications are claiming much of the industrial, academic, and even popular media attention.
Mobile (or wireless) applications, despite potentially being very different in nature from each other, all share a common characteristic that distinguishes them from their wireline counterparts: they allow their users to move around while remaining capable of accessing the network and its services. With the ability of mobility, location identification has naturally become a critical attribute, as it opens the door to a world of applications and services that were unthinkable only a few years ago (May 2001) . The term Mobile Location Services (MLS) (or Location Based Services -LBS, as they are commonly referred to) has been coined to group together all those applications and services that utilize information related to the geographical position of their users in order to provide value-adding services to them.
MLS is perhaps the latest entrant to the world of mobile applications and hence limited work to date has addressed its real potential and implications. For the most part, perhaps with the exception of a few in-car services, most MLS applications are still at a trial stage with service definitions, revenue models, pricing, and business relationships largely undefined (UMTS 2001c) . However, the market promises to be lucrative. According to the UMTS Forum, the worldwide size of the mobile location services market is expected to increase from 0.7 billion US$ in 2003 to 9.9 billion US$ in 2010 (UMTS 2001b) .
One of the main enablers of MLS proliferation in late years was the 1999 mandate of the US Federal Communications Commission (FCC) that, by October 2001, emergency services should be able to automatically position any citizen dialing 911 to within 125 meters in two thirds of cases. The reasoning behind this mandate is that people who are injured or in some other need do not necessarily know exactly where they are and hence the emergency services should be able to locate them in an automatic way so that help can be sent out to them. This has placed a legal obligation on mobile networks to support location identification provision in their service portfolio. Given this legal obligation, many network providers have seized the opportunity to design and implement further mobile location services that will commercially exploit the ability to know the exact geographical location of a mobile user.
From the consumer/citizen point of view, the peace of mind provided by a cellular phone that is capable of revealing their exact position in case of an emergency is usually welcomed. However, this is not necessarily the case when considering additional mobile location services, such as personalized mobile advertisements. The emergence of MLS has paved the way for innovative marketing strategies that, unless carefully monitored and exercised, can become extremely intrusive and even jeopardize the privacy of a mobile user's personal data. Hence, besides their potential benefits, mobile location services open up a number of additional issues (privacy protection being perhaps the most critical of them) that need to be examined and managed.
Moreover, the complexity of studying MLS is further exacerbated by the fact that most marketable services do not come as a direct consequence of our ability to identify someone's location through a mobile device, but rather through combining location identification with additional data to provide added value to the user (Dix et al 2000) . For example, just knowing a mobile user's location may not be sufficient in order to assist them in locating a suitable nearby restaurant. Such service provision requires the user's location information to be combined with knowledge of the exact locations of local restaurants, navigation routes between points, and, perhaps more importantly, knowledge of the user's dietary preferences. It is evident that location identification is only one of several elements (technological, contextual, and others) that need to be combined to provide innovative and compelling services to the user (Long et al 1996) . The study of these elements is the main scope of this chapter.
The chapter is organized in a number of sections. The following section is primarily concerned with establishing a baseline understanding of potential marketable services and applications for mobile location services. The section that follows presents an overview of the most pertinent technological developments that have made the emergence of MLS possible. Next, alternative business models for the provision of MLS are discussed, together with an analysis of alternative pricing schemes for the services. Technological, service, and business model findings are then synthesized into a classification framework for MLS. Finally, a number of critical issues, such as consumer privacy and standardization, which are not covered within the framework, are presented before discussing some final concluding thoughts regarding future research on MLS.
MLS APPLICATIONS AND SERVICES Emergency Services
Perhaps the clearest market application of MLS, as already discussed in the previous section, is the ability to locate an individual who is either unaware of his/ her exact location or is not able to reveal it because of an emergency situation (injury, criminal attack, and so on). Mobile location services are even applicable as a means of overcoming one of the most common problems of motorists, namely the fact that most often than not they are unaware of their exact location when their vehicle breaks down. The ability of a mobile user to call for assistance and at the same time automatically reveal their exact location to the automotive assistance agency is considered one of the prime motivators for signing up subscribers to mobile location services (Hargrave 2000) .
Navigation Services
Navigation services are based on mobile users' needs for directions within their current geographical location. The ability of a mobile network to locate the exact position of a mobile user can be manifested in a series of navigation-based services: a) By positioning a mobile phone, an operator can let the user know exactly where they are as well as give him/her detailed directions about how to get to a desirable destination. b) Coupled with the ability of a network to monitor traffic conditions, navigation services can be extended to include destination directions that take account of current traffic conditions (for example, traffic congestion or a roadblocking accident) and suggest alternative routes to mobile users. c) The possibility to provide detailed directions to mobile users can be extended to support indoor routing as well. For example, users can be assisted in their navigation in hypermarkets, warehouses, exhibitions, and other informationrich environments to locate products, exhibition stands, and so on. d) Similarly, group management applications can be provided to allow mobile users to locate friends, family, coworkers, or other members of a particular group that are within close range and thus, create virtual communities of people with similar interests.
Information Services
Location-sensitive information services mostly refer to the digital distribution of content to mobile terminal devices based on their location, time specificity and user behavior. The following types of services can be identified within this category: a) Travel services such as guided tours (either automated or operator-assisted), notification about nearby places of interest (monuments etc.), transportation services, and other services that can be provided to tourists moving around in a foreign city. b) The application of mobile yellow pages that provide a mobile user, upon request, with knowledge regarding nearby facilities is another example of information services. c) Infotainment services such as information about local events, locationspecific multimedia content, and so on, can also be provided to interested users.
Advertising Services
Mobile advertising is amongst the first trial applications of MLS, due to its promising revenue potential as well as its direct links to mobile commerce activities. Furthermore, mobile advertising has gained significant attention because of the unique attributes, such as personalization (Kalakota and Robinson 2001) , that offer new opportunities to advertisers to place effective and efficient promotions on mobile environments. There are various mechanisms for implementing mobile advertising coupled with MLS. Examples of mobile advertising forms include mobile banners, alerts (usually dispatched as SMS messages) and proximitytriggered advertisements.
Due to the potentially intrusive nature of mobile advertising services, it is generally acknowledged that users will have to explicitly 'opt in' or register to receive such services (UMTS 2001c), perhaps in exchange for other benefits (for example, reduced call rates or special offers).
Tracking Services
Tracking services can be equally applicable both to the consumer and the corporate markets. As far as consumers are concerned, tracking services can be utilized to monitor the exact whereabouts of, for example, children and elderly people. Similarly, tracking services can be effectively applied in corporate situations as well. One popular example refers to tracking vehicles so that companies know where their goods are at any time. Vehicle tracking can also be applied to locating and dispatching an ambulance that is nearest to a given call. A similar application allows companies to locate their field personnel (for example, salespeople and repair engineers) so that they are able, for example, to dispatch the nearest engineer and provide their customers with accurate personnel arrival times. Finally, the newfound opportunity to provide accurate product tracking within the supply chain offers new possibilities to mobile supply chain management (m-SCM) applications (Kalakota and Robinson 2001) .
Billing Services
Location-sensitive billing refers to the ability of a mobile location service provider to dynamically charge users of a particular service depending on their location when using or accessing the service. For example, mobile network operators may price calls based on the knowledge of the location of the mobile phone when a call is made. Location-sensitive billing includes the ability to offer reduced call rates to subscribers that use their mobile phone when at their home, thereby allowing mobile operators to compete more effectively with their fixed telephony counterparts. 
ENABLING TECHNOLOGIES OF MLS
The applications and services that were discussed in the previous section are based on underlying technological capabilities that enable the identification of the location of a mobile device, thereby making the provision of MLS possible. Location technologies can be divided into two basic categories: enabling and facilitating. The former refer to the basic technologies that allow for obtaining location information from a mobile user, while the latter refer to complementary technologies that provide the contextual and/or infrastructural environment within which MLS can be implemented in a value added fashion (Johnson 1998) . Only the former category (enabling technologies) is dealt with in this section, while facilitating technologies are discussed later in the chapter.
A number of different enabling technologies exist, each with its own advantages and disadvantages. The basic technology assessment criteria refer to coverage range, accuracy support, and application environment. The enabling technologies can be further divided into two sub-categories. Mobile networkdependent technologies depend on the ability of a mobile device to receive signal from a mobile network covering its area of presence. Such technologies can naturally perform better in densely populated environments where network base 
Mobile Network-Dependent Technologies
Cell Identification (Cell-ID): The Cell-ID (or Cell of Origin, COO) method is the most basic manifestation of the ability to provide location services. The method relies on the fact that mobile networks can identify the approximate position of a mobile handset by knowing which cell site the device is using at a given time. The main benefit of the technology is of course that it is already in use today and can be supported by all mobile handsets. However, the accuracy of the method is generally low (in the range of 200 meters and even up to several tens of km), depending on cell size. Generally speaking, the accuracy is higher in densely covered areas (for example, cities) and much lower in rural environments. It is however expected that the advent of new generations of mobile networks (such as GPRS or UMTS -see below) will support smaller cell sizes and thus contribute to better accuracy than existing networks.
Time of Arrival (TOA):
The TOA technology locates a mobile device by measuring the time it takes its signal to reach three different cell sites. This method is known by the term 'triangulation' to denote the need to have at least three different measurements from different cells in order to locate the Cartesian coordinates of a mobile device. Although the TOA method is fairly accurate (in the range of ten to 100 meters), its major disadvantage lies on the investments that need to be employed by the network operator. More specifically, all the cell sites of the network have to be equipped with Location Measurement Units (LMUs), which additionally need to have their internal clocks synchronized by GPS (Global Positioning System) in order to effectively triangulate a user's location. Both the equipment and the synchronization process can be quite costly.
Observed Time Difference (OTD):
The method is similar to TOA, although the OTD method places additional emphasis on the mobile device itself in order to reduce the necessary investment on the network side. The method is again based on the principle of triangulation, however in this case it is the mobile device that measures the time it takes for a signal from three cell sites fitted with LMUs to reach it. The benefit of the method is that only a limited number of network cell sites have to be fitted with LMUs, thereby reducing the implementation cost significantly. The main drawback of the method is of course the need to have mobile devices that are capable of performing the necessary calculations, which would require significant investment on behalf of the end-users.
Long-Range Mobile Network-Independent Technologies

GPS and Assisted GPS (A-GPS):
The Global Positioning System (GPS) was developed by the US military as a satellite-based mechanism for locating the exact Cartesian coordinates of a given target. The system is now also open for commercial use and is heavily employed by a number of communities (the maritime community being perhaps the most well-known example) that need to know their location for security and/or navigation services. It is not surprising that many mobile phone operators are considering the possibility of incorporating GPS receivers into their devices so that they can utilize the GPS network of satellites to compute the mobile phone's position. The main advantage of the method is of course that the GPS system is already in use for many years. On the other hand, the main disadvantage is that the existing devices will not be sufficient and users have to buy a new generation of mobile phones with built-in GPS support. A second drawback of the approach is that the handset must be 'visible' to at least three satellites at all times. In many cases (for example, in indoor environments, in cities with tall buildings, when inside tunnels, or even in very cloudy weather) the functionality of the system may be hampered. In the Assisted-GPS (A-GPS) method, the mobile network or a third party service provider can assist the handset by directing it to look for specific satellites and also by collecting data from the handset to perform location identification calculations that the handset itself may be unable to perform due to limited processing power. The A-GPS method can be extremely accurate, ranging from one to ten meters.
Short-Range Network-Independent Technologies
The technologies discussed above, either dependent on the mobile network or not, all share a common characteristic: their range of coverage is relatively long, meaning that they can be useful in identifying the location of a target within a region, city, neighborhood, or other wide spatial area. However, some of the mobile location services discussed in the previous section (such as indoor routing and product tracking) have a more 'microscopic' view of the world and require that the location of a target is identified within the boundaries of a limited coverage range, such as a building or a large room. A number of so-called short-range location identification technologies can be applicable in these cases. These technologies are by definition mobile network-independent since they do not refer to locating a mobile phone handset but rather a different sort of target entity (for example, a product).
In the short-range technologies, location identification is a function of the distance between the moving target object and a fixed reference point. As a result, the accuracy of these technologies is always very high when compared to the longrange methods discussed earlier (ranging from a few cm to some tens of meters in all cases). However, since their coverage range ability is restricted, the accuracy of these methods is usually measured in relative rather than in absolute terms.
The most important short-range technologies for mobile location services are discussed in this section.
Bluetooth: Bluetooth is a Radio Frequency (RF) specification for shortrange, point-to-multipoint data transfer. Its nominal link ranges from 10cm to 10m, but can be extended up to 100m by increasing the transmit power. It is based on a low-cost, short-range radio link, and facilitates ad hoc connections for stationary and mobile communication environments. Although Bluetooth was originally designed to connect different devices wirelessly, the potential uses of the technology are countless. For example, printers, desktop computers, fax machines, keyboards, joysticks, even home and office alarm systems, all could eventually be Bluetooth-compliant. The location capability is based on a schema similar to the Cell-ID method, however the location accuracy is high due to the very narrow coverage range.
Wireless Local Area Networks (WLANs): WLANs are substituting cable based Local Area Networks. The WLAN infrastructure is similar to cellular systems where the terminal communicates with the base station over an air interface at a certain frequency band. WLAN advantages compared to Bluetooth can be summarized to higher bandwidth capabilities and communication range (more than 100 m). Nevertheless, WLANs do not provide the proximity accuracy of Bluetooth, therefore their use on MLS may ultimately prove to be limited. However, the small implementation cost can render the technology applicable for services that do not require high levels of accuracy (such as product tracking).
Radio Frequency Identification (RFID):
RFID is a relatively new automatic identification and data capture technology, first appearing in tracking and access applications during the 1980s. These wireless systems allow for non-contact reading of RF-enabled tags and are therefore effective in environments where other identification mechanisms (such as barcode labels) may not be sufficient. RFID has established itself in a wide range of markets including livestock identification and automated vehicle identification systems because of its ability to track moving objects. The technology is also expected to play a primary role in mobile supply chain management (m-SCM) applications since it enables automated data collection and identification of products as they move through the value chain. The accuracy of the method can be extremely high (from a few cm to one meter) due to the very short operating range. Table 2 summarizes the above discussion into a taxonomy of enabling technologies of mobile location services according to the categories and assessment criteria discussed earlier in the section.
FACILITATING TECHNOLOGIES
In addition to the enabling technologies of location identification that were analyzed in the previous section, a number of complementary technological capabilities may play a particularly important role in our ability to provide added value to MLS. These technologies facilitate the provision of contextual information, which (as already discussed earlier in the chapter) is of paramount importance for innovative MLS service provision, while at the same time may also enhance the location accuracy in terms of proximity. These facilitating technologies are briefly discussed in this section.
Wireless Application Protocol (WAP):
The WAP protocol allows wireless networks and mobile devices to access information from the Internet taking into account the inherent limitations of processing power and display capabilities that characterize mobile handsets. Coupling location identification technologies with WAP allows for a direct semantic link between location and content, thus opening a wide spectrum of opportunities for innovative service provision to mobile users (for example, tourists on the move).
General Packet Radio Service (GPRS): Also known as 2.5-generation mobile telephony (2.5G), GPRS is the successor to today's prevailing mobile telephony technologies (for example, the Global System for Mobile Communication or GSM). GPRS allows for much faster data communication speeds compared to the traditional mobile technologies, thereby opening up the possibility for developing many added value services to complement mobile location services. Still, the most important difference between GSM and GPRS is perhaps the 
Universal Mobile Telecommunications System (UMTS):
Also known as third generation (3G) mobile telephony, UMTS is also utilizing the packet-based connection schema and is promising to become a very high speed universal standard that will enable the full potential of mobile multimedia services to be realized. According to the UMTS Forum, 3G services represent a cumulative revenue potential of one trillion US$ for mobile service providers between 2001 and 2010 (UMTS 2001a . Although the proliferation of UMTS networks will not enhance the location identification mechanism per se, it will allow for augmenting the content delivered to a mobile user, for example through displaying high-resolution pictures of the surrounding road network or playing videos of the facilities provided by a nearby hotel.
Geographic Information Systems (GIS): GIS represent computer systems capable of storing, manipulating, and presenting geographically related information. Such information is described either explicitly in terms of geographic coordinates (latitude and longitude or some other grid coordinates) or implicitly in terms of a street address, postal code, or other landmarks. GIS are crucial to mobile location services because they are used to associate geographic co-ordinates with their respective information context in the physical environment.
BUSINESS MODELS AND PRICING SCHEMES
The technological developments and market potential of mobile location services have created a complex web of different stakeholders that claim a role in the provision of the services and the distribution of the market revenues. We envisage that the mobile location services market will result in a transformation of the 'traditional' value chain of mobile telephony and will result in the emergence of a number of third party facilitators of business and service provision. Strategic partnerships, revenue sharing agreements, and license fee-based deals will probably define the relationships between market participants, at least for some MLS (Vos and de Klein 2002) . To start with, we can identify the following major roles in the mobile location services market: a) Positioning Technology Developers that design and implement the underlying technologies of mobile location services. These actors can be further divided into positioning technology providers and positioning infrastructure providers. The former provide the core technology that locates the position of a dedicated mobile handset, while the latter provide the client software that must be incorporated in the mobile terminal devices.
b) Mobile Network
Operators that provide basic and enhanced access to wireless networks. c) Mobile Device Manufacturers that manufacture the handsets with which mobile users access the services provided by wireless networks. They collaborate with the positioning infrastructure providers in order to manufacture active location-sensitive devices. d) Third Party Service Providers that provide additional services that cannot be economically internalized by mobile network operators (for example, geographic information providers, advertising agencies, Wireless Application Service Providers -WASPs, content providers, and so on). e) Customers (corporate and individual) that constitute the ultimate recipients of mobile location applications and services. It must be noted that the above roles are neither mutually exclusive (for example, a network operator can assume some of the tasks of a third party provider) nor comprehensive in coverage. The provision of different services will undoubtedly require different roles and relationships between the above stakeholders, thereby influencing the structure of MLS markets. Similarly, the revenues to be generated from each service will also be dependent not only on the nature of the service itself, but also on the business model under which it will be provided. Network providers will benefit by direct revenues from subscription and usage fees for nearly all MLS scenarios, but they may need to share these revenues with other parties in many instances. For example, network operators will not typically own the contextual information needed to provide added value navigation services, neither will they be the producers of content in mobile advertisements.
Two major charging schemes for mobile location services can be identified: a) User-Charged Services. Under this model, users are charged for accessing and using the mobile location services, most likely through a service subscription fee. For example, most navigation and information services are likely to be provided under some form of user charging mechanism. The revenues resulting from user charging may benefit the mobile network operators only, but in many cases will have to be shared between network operators and third parties that provide contextual information or other support needed for location-sensitive service provision. b) Free-of-Charge Services. A number of services may be provided without charge to the end user because the service will be paid for by a third party. For example, advertising agencies (or their clients) will normally have to pay for the ability to send mobile advertisements to consenting end users. In other cases, mobile network operators may choose to bear the full cost of implementing mobile location services, expecting to benefit from service differentiation and/or customer churn reduction, as for example in the case of location-sensitive billing. In other cases, some mobile location services will be provided free-of-charge because of regulatory obligations enforced on the mobile network providers (for example, emergency services). Needless to say that different revenue models and pricing mechanisms may be mostly applicable to different mobile location services, therefore stakeholders need to make careful choices when implementing such services. The next section synthesizes the aforementioned analysis of mobile location services and technologies with their most likely corresponding business models and pricing schemes.
SYNTHESIS: A CLASSIFICATION FRAMEWORK FOR MLS
Although the technologies that enable the provision of mobile location services are already in place, the commercial success of such services is primarily dependent on the correct matching between technological capabilities and service offerings. Different technologies may be applicable to different services, and different services may require different business models in order to be commercially viable.
To assist the process of matching mobile location services and applications with their corresponding underlying technologies and alternative business models, this section introduces a novel classification framework of MLS that takes into account the previous discussion and findings. This framework is illustrated in Table 3 .
The framework is service-oriented and its major objective is to encapsulate in a summarized form the findings of the discussion of the preceding sections. This is achieved through a mapping of each mobile location service identified earlier in terms of: a) Corresponding enabling technologies (i.e. those technologies that effectively cover the service's needs for location accuracy and application environment). b) Corresponding facilitating technologies (based on each service's corresponding contextual needs). c) The most likely user-charging scheme for each mobile location service.
Apart from its theoretical value as a comprehensive classification source for MLS, the framework can also assist potential providers of mobile location services at placing themselves and their product or service offerings within a wider frame that will help them design better applications, match them with their technological capabilities, and launch them within an appropriate business model and user charging scheme. For example, a mobile network operator can utilize the framework in order to: a) Decide (based on its existing business strategy and perceived window of opportunity) on which mobile location services to develop and launch to the market. Identify the technological requirements associated with the chosen portfolio of services and perhaps redefine its market development plan so as to minimize the total investment required for service provision. For example, if a common corresponding enabling technology exists that can effectively support all planned services, the network will have a strong financial incentive to invest on the specific technology to achieve economies of efficiency and to avoid the threat of fragmentation. c) In a similar vein, by investigating alternative business models and pricing schemes associated with its chosen service portfolio, the network operator will be better positioned to proactively seek alliances and develop realistic business plans. Although the framework is a valuable cross-reference analytical tool for designing and/or assessing mobile location services, a number of other critical issues related to MLS cannot be included within the framework in a meaningful fashion. For the sake of presentation completeness, the most important of these issues are summarized in the following section.
OTHER CRITICAL ISSUES RELATED TO MLS Privacy Protection
According to Nokia (2001) , 'of all the challenges facing mobile location service providers, privacy is undoubtedly the biggest single potential barrier to market take-up'. For example, mobile advertising based on a user's location is a sensitive issue and has to be provided, as discussed earlier, only with the explicit consent of the user.
However, even in such a case the likely exchange of information between third parties (for example, network operators and advertising agencies) may hamper the privacy of user's personal data. To ensure commercial success of mobile location services, user trust must be ensured. A clear prerequisite of the trust building mechanism is that the control over the use of location information is always on the hands of the user, not of the network operator or the service provider.
Regulation
The role of regulatory and policy-making bodies is substantially enhanced in the case of mobile location services, as opposed to mobile commerce applications in general. It is not surprising that the initial boost to the market has come from such bodies (the US FCC mandate for emergency services) and that the European Commission has had a very active role in the development of the market on the other side of the Atlantic. However, the issue of analyzing the enabling (as well as the potentially disabling) role of regulation in the proliferation of the mobile location services market goes beyond the scope of this paper.
Standardization
Standardization can also be a serious success or failure factor for any new technology, and mobile location services are not an exception to this rule. This is especially true given that, as discussed earlier, MLS are dependent not only on a number of direct enabling technologies, but also on a number of indirect facilitating technologies of added value services, the Babel tower of existing standards can potentially hamper the market potential of MLS. A number of bodies worldwide are working towards defining commonly accepted standards for the mobile industry, but prior experience has shown that standardization efforts may have a regional, rather than a global, scope. For example, the presence of incompatible standards for second-generation mobile telephony in Europe and the Americas has created considerable problems to users and the industry alike. Worldwide efforts to define universal standards, such as UMTS, provide an optimistic view of the future, however the danger of incompatibility and technological 'islands' remain. To this end, a number of standardization initiatives are under way, sometimes initiated by the industry itself. For example, Ericsson, Motorola, and Nokia, have joined forces to establish the Location Interoperability Forum (LIF) with the purpose of 'developing and promoting common and ubiquitous solutions for mobile location services'.
The importance of standardization becomes even more evident when we think of what can be termed as the paradox of mobile location services. Although these services are by definition local, any given user will most probably need them when in a non-local environment. We can envisage tourists outside the familiar surroundings of their local residence relying on MLS to obtain assistance and directions, and companies also utilizing MLS to track their goods in distant lands. To be useful to their users, mobile location services must therefore be provided in a locationindependent and user-transparent fashion. From a standardization and technological point of view this requirement poses a difficult problem: service portability and roaming issues have to be resolved in order for MLS to be compelling to users (UMTS 2001c).
CONCLUSIONS AND FUTURE WORK
Although the technology of mobile location services has been proven in a number of trials (Hargrave 2000) , it still remains unclear whether a market will be created that will take advantage of the technological capabilities. Achieving massmarket acceptance for MLS is dependent on a complex web of relationships between the various market stakeholders. A number of 'basic' applications can be envisaged (roadside assistance, emergency calls, navigation services), but, as with electronic commerce, the real push to the market will happen if and when innovative service provision is matched with real market demand.
The classification framework presented in this paper is based on a series of taxonomies for MLS services, technologies, market stakeholders, and pricing schemes. The framework aims at assisting stakeholders at placing themselves and their service offerings within a wider frame that will help them design better applications, match them with the most suitable underlying technology, and direct them to the most receptive target market base. Furthermore, the framework is also aimed at assisting the process of understanding the dynamics of the emergent phenomenon of mobile location services, with a view to realizing its true added value. To this end, the framework is a valuable tool for theorists and practitioners alike, as it can be used both as an extensible analytical instrument and as a deductive actionable toolkit.
The MLS field, as with all new technologies in the mobile world, is progressing at an extremely fast pace, therefore the static picture of the framework may be of limited value in a short time. Future work is continuously needed to place new technological and service developments within the framework dimensions so that its sustained usefulness and validity remains. Furthermore, further research work will need to identify and explore further issues that were beyond the scope of this paper. For example, the issue of billing for mobile location services, the issues of standardization and interoperability, and the exploration of mechanisms to ensure privacy protection, were deliberately left out of this analysis. However, a detailed analysis of MLS will inevitably lead to such questions, which can be the starting point for future investigations.
